The sweet protein, monellin, consists of two noncovalently associated polypeptide chains, the A chain of 44 amino acid residues and the B chain of 50 residues. The B chain was synthesized by the stepwise Fmoc solid-phase method in an overall yield of 6.2%. The synthetic B chain was combined with the synthetic A chain, which was left over from a previous work, to give monellin in a yield of 25.7%. The synthetic monellin was approximately 4000 times as sweet as sucrose, while the previously synthesized [Asn49, Glu50] B-chain monellin was also approximately 4000 times as sweet as sucrose. Exchanging Glu49 and Asn50 in the B chain did not affect the sweetness potency. Crystallization was performed by a vapor diffusion method.
The sweet protein, monellin, has been isolated from the fruit of the West African plant, Dioscoreophyllum cumminsii (Stapf) Diels,1>2) and consists of two noncovalently associated polypeptide chains, the A chain of 44 amino acid residues and the B chain of 50 residues. Twodifferent primary structures have been reported for each of them.3~5) Recently, the primary structure of monellin was unambiguously determined by us. 6) In an attempt to delineate the binding site(s) of monellin to the receptor by means of a structure-activity relationship, we previously synthesized two monellin analogues, [Asn49, Glu50] B-chain monellin7) and [Asn22, Gin25, Asn26] A-chain [Asn49, Glu50] B-chain monellin,8) which were 4000 and 550 times as sweet as sucrose, respectively. In this paper, we report the synthesis of monellin with the natural amino acid sequence as the standard compoundin our series of syntheses. The peptide synthesis was performed manually by the stepwise solid-phase method with a semi-automated peptide synthesizer, using the fluoren-9-ylmethoxycarbonyl (Fmoc) strategy9) as described previously.7 ' 8) The protection scheme for synthesizing the B chain is shown in Fig. 1 . The Fmoc group was removed with 50% piperidine in 7V,7V-dimethylformamide (DMF), except for the 539 Fmoc group ofGlu49, which was removed with 20% piperidine in DMF. Elongation of the peptide chain was performed by the dicyclohexylcarbodiimide (DCC)/1-hydroxybenzotriazole (HOBt) method12) in 7V-methyl-2-pyrrolidone (NMP), or by the symmetrical anhydride method. The coupling reaction and deprotection of the Fmocgroup were monitored by the Kaiser test.13) After the last coupling step, the peptide resin was treated with CH2Cl2-anisole-ra-cresol-1 ,2-ethanedithiol-trifluoroacetic acid (TFA), and then a sufficient amountofether was added to the reaction mixture. The resulting peptide was further treated with m-cresol-l,2-ethanedithiol-thioanisole-TFA, and then trimethyl- The solvent systems were 0.05% aqueous TFA (A) and acetonitrile containing 0.05% TFA (B). The sample was eluted with a linear gradient of 20%B to 50%B obtained in 30min at a flow rate of 1ml/min, the elution profile being monitored at 210nm. The peak indicated by the arrow contained the desired B chain.
silylbromide
(TMSBr)14) was added to the reaction mixture. The crude B chain was precipitated with ether, and treated with 2-mercaptoethanol and 1 m NH4F14) in water ( Fig. 2A) . As can be seen in Fig. 2A (shoulder) min in Fig. 3 could be assigned to the B and A chains, respectively; the peak eluting at about 6.5 min will be described later. On the other hand, when the peptides obtained from the peaks eluting at 6.2 and 7.1 min were separately analyzed by HPLC under the conditions specified in Fig. 3 , they were each eluted as a single peak with the original retention times. Whena mixture of the peptides obtained from the peaks eluting at 6.2 and 15.9min was analyzed by HPLC under the conditions specified in Fig. 2 , it was eluted as a single peak with the same retention time as that of the A chain. A similar HPLCanalysis of a mixture of the peptides obtained from the peaks eluting at 7.1 and 14.9min gave a single peak with the same retention time as that of the B chain. The synthetic A and B chains were confirmed to be pure as already described.
Therefore, it can be concluded that some of the A and B chains was altered in conformationto another unfolded form on the hydrophobic surfaces of the TSKgel Phenyl-5PW column. For the reason already described, the B chain was predominantly used over the A chain in the combination procedure. Mixing the A and B chains in a ratio of 1:1.9 (w/w), and subsequent HPLCpurification gave monellin in ayield of25.7%, based on the Achain (Figs. 4A and 4B). As can be seen in Fig. 4A , the peak eluting at about 6.5min in Fig. 3 hardly appeared whenthe B chain was excessively used over the A chain. Thus, the peak eluting at about 6.5min in Fig. 3 could be assigned to the A chain. The peaks eluting at 14. 8 and 16.7min in Fig. 4A were found by LSI mass Fig. 4 . HPLC on a TSKgel Phenyl-5PW Column (7.5 x 75mm) of the Synthetic Monellin (after 20hr, A) Prepared by Mixing the A and B Chains (1 : 1.9, w/w), and after Purification (B). The sample was eluted with a linear gradient of 10% B to 60%B obtained in lOmin at a flow rate of 1 ml/min, employing the same solvent systems as those used in Fig. 3 . quantitative amino acid analysis of the synthetic monellin gave a satisfactory result (see the experimental section). The B chain of the synthetic monellin was separated by HPLC on a C18 column, and its purity was confirmed by HPLC, an amino acid analysis and FAB mass spectrometry. HPLC analysis of the B chain gave a satisfactoy result (Fig. 5) , and its amino acid analysis gave the expected values (see the experimental section). An FABmass spectrometric analysis of the B chain gave a protonated monoisotopic molecular ion at m/z 5831.7 against a calculated value ofm/z 5832.0 (Fig. 6 ). For this spectrum, the observed isotopic distribution was in good agreement with patterns calculated from the elemental composition. These results indicate that the separated B chain was free from any impurities, confirming that the synthetic monellin was highly pure.
No comparison of the synthetic monellin with the natural material could be made, since natural monellin consists of heterogeneous A and B chains, and separation of the concomitant peptides from these chains was successful for the A chain, but not for the B chain, as described previously.6)
The synthetic monellin was approximately 4000 times as sweet as sucrose, while [Asn49, Glu50] B-chain monellin was also 4000 times as sweet as sucrose.7) Thus, exchanging the amino acid residues at positions 49 and 50 of the B chain did not affect the sweetness potency.
The synthetic monellin was crystallized by the "hanging drop" vapor diffusion method7'8) (Fig.  7) .
Experimental
The Beckman 6300E amino acid analyzer. FAB and LSI mass spectra were taken on a JEOL JMS HX110/HX1 10 tandem mass spectrometer, and ESI mass spectra were taken on a VG Masslab BIO-Q mass spectrometer.
CD spectra were recorded on a Jasco J-500A spectropolarimeter equipped with a DP-500N data processor. Monellin crystals were photographed under a polarized microscope (Olympus BH-2) within a crystallizing well. 10min, and then cooled in an ice-bath. To this ice-cooled, stirred mixture was added dropwisely TMSBr(3.96ml), stirring being continued for 6 hr while cooling. A sufficient amountof ether was addedto the reaction mixture, and then the resulting precipitate was collected by filtration and dried. The crude peptide (1.68g) thus obtained was suspended in water (20ml) and cooled in an ice-bath.
2-Mercaptoethanol (400}A) was added to the suspension, which was then adjusted to pH 8 with triethylamine while stirring and cooling. To this suspension was added 1m NH4F(800/A). The mixture was stirred for 30min while cooling and then adjusted to pH 5 with acetic acid. The resulting precipitate was collected by filtration and dried, weighing 1.16g. The precipitate (580mg) was dissolved in TFA(5ml) and filtered. The filtrate (400//I) was applied to a preparative HPLCcolumn (Inertsil ODS) and eluted with a linear gradient of 20% to 50% acetonitrile containing 0.05% TFAobtained in 50min at a flow rate of9 ml/min, the elution profile being monitored at 210 nm. The procedure was repeated 13 times to purify the whole amount of the peptide. The analytical HPLCelution profile of the filtrate is shown in Fig. 2A . The fractions of the main peak (indicated by an arrow) and several peaks were separately collected, concentrated under reduced pressure to a small volume, and lyophilized to give peptides. Since the FAB-massspectra of these peptides revealed that the main peak contained the desired B chain, the peptide from the main peak was dissolved in 2ml of 20%acetonitrile containing 0.05% TFA and further purified by preparative HPLC, in which the solution (500//I) was applied to a preparative HPLC column (Inertsil ODS) and eluted with a linear gradient of 20%to 43%acetonitrile containing 0.05% TFA obtained in 50min at a flow rate of9ml/min. The elution profile was monitored at 210nm. The procedure was repeated four times to purify the whole amount of the peptide. The fractions thus obtained were collected, concentrated under reduced pressure to a small volume and lyophilized, and finally dried over NaOH pellets in vacuo to give 36.25mg (6.2% overall yield) of the B chain (Fig. 2B) .
Amino Combination of the synthetic monellin A and B chains. The synthetic A chain (2.40 mg), which was left over from a previous work,7) was dissolved in 0.1% acetic acid (300 {A). The synthetic B chain (4.56 mg) was then dissolved in this solution. The resulting mixture was stirred for 1 min with a mixer under an atmosphereof nitrogen, and then kept standing for 20hr. The mixture (100/zl) was applied to a TSKgel Phenyl-5PW column and eluted with a linear gradient of 10% to 60% acetonitrile containing 0.1 % TFA obtained in 10min at a flow rate of 1 ml/min. The elution profile was monitored at 277nmand is shown in Fig. 4A . The procedure was repeated three times to purify the whole amount of the protein, and the fractions of the main peak were collected, pooled and lyophilized. The protein thus obtained was dissolved in water (200//I), shaken for 2hr, lyophilized, and finally dried over NaOHpellets in vacuo. (Fig. 7) .
Sweetness evaluation. The sweetness value of the synthetic monellin was organoleptically determined by a panel of five untrained people. The evaluation was carried out at concentrations near the threshold to avoid confusion arising from the persistent lingering sweet taste ofmonellin. Thus, the sweetness evaluation was carried out by matching a threshold concentration of the synthetic monellin with that (0.6%, w/v) of sucrose. The synthetic monellin (0.6 mg) was dissolved in water (10ml), this concentration corresponding to a 0.006% (w/v) monellin solution. This solution was diluted to several concentrations (30, 40, 45 and 50 times), and the sweetness intensity of each was compared with that of the 0.6% sucrose solution. It was found that the sweetness intensity of the 40-fold dilution was almost equal to that of 0.6% sucrose. This result indicates that the synthetic monellin was approximately 4000 times as sweet as sucrose.
